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@ Hybrid receptors, nucleic acid encoding them, their preparation, and their use in determination of Ilgands and their

antagonists and agonists.

Hybrid receptors, produced by recombinant DNA tech-
nology, comprise {a) the ligand binding domain of a prede-
termined receptor and (b) a heterologous reporter
polypeptide. The hybrid receptors are useful for convenient
and large scale assay of biologically active ligands or their
antagonists or agonists. (a) may be the extracellular domain
of the receptor, or 8 cytoplasmic domain of a receptor or
oncogene. (b) may be an enzyme. A transmembrane domain
may be interposed between (a) and (b).
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HYBRID RECEPTORS, NUCLEIC ACID ENCODING THEM, THEIR
PREPLRATION, AND THEIR USE 1N DETERMINATION OF LICGANDS
AMD THEIR ANTAGONISTS OR AGONISTS

This invention relates to methods for screening

cgndidétc drugs for their &bility to bind a receptor in such 3

“fashion as to miric or antagonize the function of ‘a ligand which

ordinarily interacts with the receptor in vivo. It also relates

to methods for the functional aésay of ligands. !

Receptors are defined as proteinaceous macromolecules
loceted on c:ell membranes that perform a signal transducing
function. Many recepiors are located on the outer cell membrane.
These cell surface receptors have extracellular and cytoplasmic
domains wherein the - extracellular domain is capable of
specifically binding a substance so that the cytoplasmic domain
interacts with another cell molecule as a8 iunction of the binding
of the substance by the extracellular domain. The substance which
is bound by the receptor is called a ligand, & term which is
definitionally meaningful only in terms of its counterpart
receptor. The term "ligand” does mnot imply eany particular
molecular size or other structurai or compositional festure other

than that the substance in question is capsble of binding,
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cleaving or otherwise interacting with the receptor in such a way
that the receptor conveys information about the presence of the
ligand to a target molecule. Stated altermatively, not all
substances capable of binding a receptor are ligands, but &ll
ligands are capable of bindins a8 receptor. Receptors do not

include such substsances as immunoglobulins.

Receptors typically are divided structurally into three
dozzins. A highly hydrophobic region of sbout 20 to 25 resicues
vhich is believed to>be responsible for embedding the receptor in
the cell membrane is flanked on its amino and carboxyl termini by

regions -that respectively extend into the extracellular and

cytoplascic environment. The extracellular region includes the

ligand binding domain. The cytoplasmic region includes a domain
for effecting a change in the cytoplasm. Typically, the cyﬁo-
plasmic region includes an enzymatic function that is activated by
receptor agpgregation or conformational changes brought on by
1igand binding. ' '

'

Receptors are believed to function by a process
variously termed activation or signal transduction. A ligand
binds to the extracellular ligand binding domain in such a way
that the conformation of the .receptor molecule changes within the
cytoplasmic region. This conformational change, called
activation, modifies the effect of the receptor on cytoplasmic
components. Among changes brought about by receptor activation

are changes in or development of receptor enzyma(ic activity.

The pharmaceutical industry in recent years has oriented
{ts research to focus on the role of receptors in disease or
injury and to design drugs, generally low molecular wveight
substances, that are capable of binding to the receptors. - Drugs
{dentified in this initial screen are then tested for the desired

activity jn yivo or in tissue explants. As a resulrt, conventional
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techniques do not lend themselves to large scale screening.
Tissue samples or isolated cells containing the target réceptors,
e.g. heart atrial tissue, are costly to obtain, present in limited
quantity, and difficult to maintain in a functionally viable
state.  Additionally, 4t is often difficult to reliably and
reproducibly administer the candidate drug to tissue samples.
Screening essays using primary explants in tissue culture are
undertaken in larger scale than is possible with tissue sexples.
However, it is more difficult to assay physiological effect and
the assays are subject to 1nterferenée from many sources, e.g.
culture media or cultivation conditions. Finally, assays using
receptors isolated from natural msterials have the disadvantage
that the receptor is subject to natural variability &nd suicabie
natural sources may not always be availsble. It is &an object
herein to provide readily reproducible, simple assay systems that
can be practiced on a large scale for determining not only ligand
binding but also the character of the binding as agonistic or
antagonistic. ‘ ' |
]

Similarly, meaningful clinical diagnosis often depends
upon the assay of biologically active ligand without 1nterférence
from inactiVe.forms of the liga?d, for example, ligands that have
been subject to enzymatic or other processes of the test subject
thet change or even eliminate the activity of the ligand.
Imunoassay methods are widely used in determining ligands in test
sanples. However, it is often quite Qifficult ‘to identify
antibodies that are sable to discriminate between the active and
{nactive forms of a ligand. Receptors have infrequently been used
in place of antibodies as analyte binding reagents. Hovevér. not
all substances that bind to receptors are necessarily capable of
inducing receptor activity, i.e. active biologicaelly. 1t is an
object herein to provide a method that will identify ligands in
clinical test sAmples vhich are active in inducing or inhibiting

signal transduction by their receptors.

103v08.mch
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Many receptors have been identified that have at least

some knowvn jin vitroe assayable activity that is dependent upon

ligand interaction. For example, the binding of EGF to the

epidermal growth receptor stimulates a phosphotransferase domain

“{n the receptor to phosphorylate certain target &zino acid

. residues located in its intracellular cytoplasmic domain, a

process called autophosphorylation. Receptors also are known to
phosphorylate antibodies or specific cytoplasmic substrate
polypeptides that bind to the region in vhich their phosphotrans-
ferase fctive site is located. Unfortunately, other receptors
hsve no known ligand-dependent enzymatic activity, notwithstanding
that they are known to bind ligands with high affinity. or their
activity is so low that it is difficult to quantitatively essay
ligand-dependent activation. It may be desirable for therapeutic
purpoges to antagonize or agonize & ligand interaction with such
cryptic receptors but, in the absence of the tissue concerned or,
in some cases an intact organism, no method is available for
deterzining whether a candidate drug 1is simply binding the
réceptor jn a function-neutral fashion, nor whether the candidate
is binding as an agonist or antagonist. Accordingly, it is an
object to provide a method for screening candidate drugs for
ligand agonist or antagonist activity where the receptor for the

ligand exhibits no known signal transduction characteristic.

Summary

)

These objects'are accomplished by the use of a novel
Teceptor hybrid comprising the ligand binding domain of a receptor
fused to a heterologous reporter polypeptlde which is capable of
undergoing an assayable change in conformation or function when
the ligand binding domain of the receptor binds to either the

ligand or to an agonist or antagonist of the ligand.

102:N8 mch
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1f a disease or injury i{s the result of a ligand acting
on & given receptor, the objective will be to identify substances
capable of Qounteracting the 1ligand’'s effect on the criticel
receptor, i.e., ligand antagonists. On the other hand, & model
therapy for a clinicel conditién characterized by insufficient
ligand activity would consist of drugs that enhance or supplerzent

a defective or sbsent ligand, i.e., ligand agonists.

The hybrid receptor of this invention {s useful in
screening methods for identifying receptor-active agonistic drugs.
One incubates the hybrid receptor with the candidate drug and
assays for the generation of a signal by the heterologous reporter
pblypeptide. Generally, but not necessarily, the signal generzted
by the reporter polypeptide is assayed as an ectivation or
stimrulation of an enzymatic function of the reporter polyﬁeptide.
It {s not necessary to include standards having known amounts of
ligand unless one wishes to quantify the agonist aEti&ity of the'
candidate; in fact, the 1ligand wvhich modulates the receptor
activity in xiﬁg may be completely unknown. ‘It is one of the
benefits of this assay system that neither the ligand for the
receptor nor .the in yvivo signal transducing wmechanism of the

receptors need be known in order to identify agonist drugs.

The hybrid receptor is used to assay. amounts of
biological 1ligand in test samples in the same fashion. as one
screens for agonist drugs. Since this utility, by definition,
contenplates & known ligand, then a standard curve using known
amounts of ligand is prepared and compared with the test sample

results.

Antagonist drug candidates &sre selected by the same
assay as 1s used for identifying egonists, except that here the
hybrid receptor is incubated with & known receptor agonist. The

agonist, vhich may be a drug or the normal jin yive ligand, is

LO3x08 .mdh
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{ncubated with the receptor before or, preferably, simultaneous
vith contacting the receptor with the candidate drug. Antagonist
activity is a function of the displacement of agonist or ligand

activity as measured by changes in the reporter polypeptide.

A particular advantage of the hybrid receptor is that it
enables a universal, portable assay system for any ligand-receptor
{nteraction. This invention contemplates, forbexample. that the
cytoplasmic domain of a first receptor is selected as the portable
reporter polypeptide. This domain is then substituted for the
cytoplasmic domain of other receptors in preparing the hybrid
receptors of the tnvention. The assay system, e.g. eutophos-
phorylation ' assay, useful with the first receptor is then
available for use with all other hybrid receptors containing the

cytoplaszic domain of the first receptor.

Brief Descfiption of the Figures

Figure la depicts the composition of 2 plasmid employed
in the expression of hybrids of the insulin and epidermal growth
factor rTeceptors. The region coding for different receptor
mutants 1is sﬁown by a shaded bar (cDNA). Early SV40 promoter
sequences shown by heavy black arron and polyA addition sites
have been marked. The dihydrofolate reductase (DHFR) coding
sequence (Simonsen and Levinson, 1983, "Proc. Natl. Acad. Sci.
USA" §g:2695-2499) and restriction sites ufed for plasmid
constructions are shown. Expression of both cDRAs vas controlled
by promoter sequences of the Simian virus (SV) 40 éarly region and
by 3‘-untranslated sequences of the gene coding for the hepatitis
B virus surface antigen (Crowley et sl., 1983, "Mol. Cell. Biol."
3: 44-45). Sequences of the E. coli plasmid pML (a RBR322
derivative suitable for use in mammalian cells; Lusky and Botchan,
1981, ™"Nature" 293:79) containing the origin‘of.replication and

the ampicillin resistance gene were present to sllow plaszid
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replication in E. colf.

Figuré 1b is & schematic comparison of insulin (HIR) and

EGF (HER) receptors snd & hybrid receptors IER and IaER prepared

5 therefrom.  Human EGF receptor (HER), human insulin receptor
(HIR), insulin-EGF receptor chimera (IER), and insulin-a-subunit-

EGF receptor chimera (IaER) cDNAs are represented by horizontal

A lines and coding sequences shpwn as a dotted “box for HIRa
sequences (a), as a shaded box for HIRB, and as an open box for

10 RER sequences. The coding regions have been aligned at the

transmerbrane domain (not shown in scale). The coding segment for

the protein signal sequence is marked by (S) and the precursor
éleavage sites are indicated by a verticsal line. The junction of
the heterologous receptor cDNAs is shown by a zigzag line and

15 synthetic oligonucleotides used at the junctions are represented
by black bars. DRA restriction endonuclease cleavage sites
relevant for the constructions are warked on top of the cDNA>
sequences.

L.

20 Figure 2 illustrates that 1231 insulin binding to €OS-7
cells increases when the COS-7 cells are transfected with the cDNA
constructs of Figure la, compared to cells transfected with &
control expression vector.

25 Figures 3a-3d are SDS PAGE reducing electrophoresis gels
of autophosphorylated detergent lysates obtained from various
transformed and control cells and imjhnoptecipitaied with
approprieste antibodies as noted in the Example. The (+) and (-)
gels represent insulin or (in the case of A431) EGF-treated

30 Teceptors. Numbers in the margins are marker molecular weights.
Fig. 3a depicts the anti-HER izsunoprecipitated
autophosphorylation products of mock-transformed controls and
recombinant transformant cells. This demonstrates expression of

hybrid insulin-EGF receptor constructs in the recombinants.

35
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Figure 3b demonstrates that the autophosphorylation of
the hybrid containing the complete extracellular domain of the

{nsulin receptor is activated by insulin.

Figure 3c depicts the kinetics of the insulin-activated
autophosphorylation of the 1ER receptor. It shows that the
autophosphorylation observed is dependent upon the time of the

phosphorylation reaction.

Figure 3d illustrates the change in SDS-PAGE migration

of the 1ER receptor after insulin activation.

Figure &4 depicts the structure of HER-erbB, a hybrid

receptor conteining the epidermal gro&th factor extracellular

domain and a fragment of the erbB oncogene to -serve as the

reporter molecule.

Figure 5 depicts electrophoresis pgels demonstrating
autophosphorylation of a hybrid oncogene-receptor construct in the

presence (+) or absence of ligand (ECF)(-).
Petailed DéSCfiption

The hybrid receptor is the core of the methods described
herein. - It principally comprises a ligand binding domain and a
reporter polypeptide. The ligand binding domain is located within
the extracellular region of & receptor. It is bften difficult to
identify- the precise amino acid sequences involved in 1ligand
binding. In fact, several regions may be involved in ligand
binding, particularly where the ligand is a polypeptide. Thus, it
is prefefred that the entire extracellular region of the receptor
be assembled into the hybrid. This also will help to ensure that

the ligand binding domain is maintained in its proper conforza-

102x08.mcéh
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tion.

Suitable ligand binding domains are selected in any ore
of several ways. First, when one intends to use the hybrid to
assayb for a known ligand in test samples, or to screen for
agonists or antagonists to such ligand, then the ligand birding
dozain is selected from a known receptor for the ligand. If the
ligand is krown, but its receptor is not, then it will be
necessary to identify its cell surface receptor. This may be
accomplished by 1) securing cells from tissues with which the
ligand is knovn to bind or to functionally interact, 2) obtaining
from the cells in known fashion a membrane protein preparation, 3)
incubating the preparation with the ligand, &) separating the
ligand-receptor complex from the incubation mixture (for examéle
by preinsolubilizing the 1ligand on cyanogen bromide activated
Sepharose), 5) separating the receptor from the 1ligand, 6)
obtaining amino acid sequence from a portion of the receptor, 7)
preparing nucleic acid probes encoding the determined amino acid
sequence (either a single long probe of > abouts 40bp or a pool of
shorter probes), B) preparing a cDNA or pgenomic DNA phage or
plasmid (vector) library from the organism or cells from which the
receptor was ;btained" 9) hybri@iéing the probes to the library to
1denfify plasmids or phage which contain DNA encoding the
receptor, and 10) determining the nucleotide and imputed amino
acid sequence of the receptor to the extent necessary to identify
the reglon extending from the amino - terminus through a
transmembrane sequence. If no single vectgr contains DNA encoding
the entire extracellular domain of the receptor, the desired DNA
is assembled by restriction enzyme digestion of the wvarious
vectors at common sites, isolation of the appropriaté fregments
and relegation by methods already known per se. Other procedures
for identifying receptors for known ligands are knowvn to those

gkilled in the &rt or will become available in the future.

103x08.mdh
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A putative receptor may have been identified but its
ligand in vivo remains unknown. For example, study of endocrine
tissues from such glands as the pituitary or adrenals will lead to
the identification of membrane bound proteins that are structur-
ally sircilar to other known receptors, i.e. they will have a large

(typically >500 residues) extracellular domain, a hydrophobic

transmembrane sequence and a carboxy-terminal cytoplasmic region.

Similarly, a receptor inventory for malignant cells will be useful
for identifying unique receptors present in high density that cay
be associated with the transformed phenotype. The extracellular
domains of such receptors are also useful herein.

A receptor and its ligand may have been identified but
the cytoplasmic domain may have no known function, e.g. it {s not
known to have phosphotransferase activity, to activate adenylate
or guanylate cyclsse, or to transport ligand. The ligand binding
domein from such receptors is useful notwithstariding that the
ligand-receétor interaction produces no or insufficiently
detectable signal in the native receptor because & detectable
signal is provided by the reporter polypeptide in the hybriﬂ
construction. Thus, in the absence of the reporter polypeptide no
me thod would. be available to determine in the case of some
receptor vwhether a receptor-bound candidate drug was binding
nonspecifically or was acting as an agohist or antagoniéi. nor
would it be possible to assay for biologically active mnative
ligands.
!

The reporter polypeptide is heterologous to the ligand

binding domain and is any polypeptide that changes its character
upon the binding of a ligand to the binding domain. This change
in character is generally dete;ted by & change in the enzymatic
activity or immunological idéntity of the reporter polypsptide.
Generally the reporter polypeptide vill be the cytoplasmic domsain

of a heterologous receptor oOr receptor enalogue, e.g. oncogene,

LO2x08.&ch



10

15

20

25

30

35

0244221

vhich is known to undergo a change in immunological or enzymatic
jdentity upon ligand binding. 1t is preferred to use the cyto-
plasmic phosphottansférase from such receptors as the insulin or
epidermal grovth factor receptors. However, other receptors as
the B-sdrenergic receptor, écetylchoiine receptor, adrenaline
receptor and the like are 'known to bind proteins termed G proteins
that serve as intermediate fransducing molecules in the activation
or inhibition of adenylate or granylate cyclases. Such proteins
have been isolated and characterized. ‘It is within the scoge
herein to use as the reporter polypeptide the G protein binding
docains of such receptors. It is not necessary to use the entire
cytoplasmic dozain from a heterologous receptor or receptor
analogue, only that portion that performs the desired function
herein, nor is it necessary to use a heterologous cytoplascic
dozain that {is &n intact, unmodified sequernce from another

receptor. For example, an arino &acid sequence wvariant or

_derivative of the cytoplasmic dozmain of the receptor supplying the

ligand binding domain is also acceptable.
.

Vithout being 1limited to a particular théory of
function, we .believe that the change ‘in the character of the
reporter polypeptide is not caused by steric hinderance of the
reporter by the ligand, e.g. where the ligand occludes an active
site on the reporter domain by virtue of steric bulk. Rather, the
pethod herein harnesses the signal transducing wmechanism of
receptors whereby changes in the 1ligand binding domain are
transduced through the receptor molecule tq the reporter domain by
conformational changes in the molecule, which changes affect the
function or character. of the cytoplasmic domain of the reporter.
We have discovered that this transducing mechanism also functions
when the reporter polypeptide is heterologous to the 1ligand

binding domain.

Optionally, the hybrid receptor will contain a transcem-

103%08 .mdh
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brane sequence fused between the ligsnd binding domain and the
reporter polypepticde. Typiéal transcesbrane domains contain about
from 20 to 25 residues and shov a hydropathy peak of about from
1.5 to 3.5. They contain a high proportion of residues having
hydrophobic side chains, e.g. leucine, isoleucine, phenylalanine,
valine and methionine. Suitable transmexrbrane sequences are
obtained from the receptor supplying the extracellular ligand
binding domain, although the transmerbrane sequence also may.be
entirely synthetic or obtained from integral mwembrane protein§ or
unrelated receptors, in tﬁe last instance including the transcex-
brane region ordinarily associated with the reporter polypeptide
vhere the reporter is the cytoplasmic domain of a heterologous

receptor.

The hybrid receptor components suitsbly originate from
hudans, animals, plants, insects, microorganisms including
parasites, viruses and fungi and other suitable species. The
species of origin for the 1igand binding domain is selected for
the presence of a receptor capable of binding the ligand of
{nterest or for the presence of the target physiological activity.
It is not necés;ary that the reporter polypeptide or transmembrane
region be fro; the same species as the ligand binding domain.

The hybrid receptors preferebly are synthesized in
recombinant cell culture because they are generally too large and
complex to practically synthesize by in yitro methods that are

available to the art today.

Recombinant methods for synthesis of the hybrid receptor
commence with the construction of a replicable vector containing
nucleic acid that encodes the hybrid receptor. Vectors typically
perform two functions in collaboration with compatible host c;lls.
One function is to facilitate the cloning of the nucleic acid that

encodes the Eybrid receptor, {.e., to produce usable quantities of
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the nucleic acid. The other function is to direct the expression
of the hybrid receptor, One or both of these functions are
performed by the vector-host system. The vectors will contsin
different components depending upon the function they are to

perform as well as the host cell that is selected.

Each vector will contain nucleic acid that encodes the

hybrid receptor. Typically, this will be DNA that encodes the

. hybrid receptor in its mature form linked st its amino terminus to
10 a secretion signal. This secretion signal preferably is the
signal presequence that normally directs the secretion of the
receptor from which the 1ligand binding domain was obtained. .
However, suitable secretion signals &lso -include signals from

15 ’ other receptors or from secreted polypeptides of the same or
related species.

" The §ecreted hybrid will lodge in the recoobinant host
pembrane if it contains a transmembrane region. On the other
hand, if such a region is not present in the' hybrid, then the
20 hybrid may be secreted into the culture medium. Ordinarily,

.hybrids are preferred that contain a transmembrane region so as to

retain as mu;h structural fidelity as possible. However, the
purification of transmembrane-deleted receptors is less complex
than in the case of membrane-bound because in the latter “imstance
25 the hybrid receptor should be purified free of other cell membrane
proteins. Furthermore, the cell-bound hybrid receptor may exert
an undesired biological effect on thef host if induced to
accumulaté in large populations in the cell membrane during the
grovth phase. This potential problem is overcome by.placing the
30 nucleic acid encoding the hybrid receptor under the control of an

{inducible promoter.

In cloning vectors, the hybrid receptor-encoding nucleic

3s | acid ordinarily is present together with a nucleic acid sequence

'1L03x08.mdh



0244221

that enables the vector to replicate in a selected host cell
independent of the host chromosomes. This sequence is generally
an origin of replication or an sutonomously replicating sequence.
Such sequences are well-known for a variety of bacteria, yeast and
higher eukaryotic cells. The origin from the well-known plasmid
pBR322 is suitable for E. cold bacteria, the 2p plasmid origin for
yeast and various viral origins for camnalian cells (SV4O,
polyoma, adenovirus or bovine papilloma virus). Less desirably,
' DNA is cloned by insertion into the genome of a host. This is
10 readily accomplished with baciilus species, for example, by
inserting into the vector DNA that is cémplementary to bacillus
genomic DNA. Transfection of bacillus with this vector results in
homologous recombination with the genome and insertion of the
15 hybrid receptor DXA. However, the recovery of genomic DNA
encoding the hybrid receptor is more cozplex than obtaining
exogenously replicated viral or plasmid DNA because restriction
enzywe d1gestion is required to recover the hybrid receptor DNA
from the genome of the cloning vehicle.
'
20 Expression and cloning ~vectors should contain a
selection gene, also termed a selectable marker. This is a gene
that encodes a protein necessary for the survival or growth of a
host cell transformed with the vector. The presence of this gene
ensures the growth of only those host cells which express the
25 inserts. Typical selection genes encode proteins that (a) confer
resistance to antibiotics or other toxins, e.g. ampicillin,
neomycin, methotrexate or tetracycline, (b) comp}ement auxotrophic
deficiencies, or (c) supply critical nutrients not available from
complex wedia, e.g. the gene encoding D-alanine racemase for
bacilli.

30

A suitable selection gene‘for use in yeast is the rrpl
gene presert in the yeast plasm1d YRp7 (Stinchcomb et al., 1979,
35 "Nature”, 282: 39; Kingsman et al. 1979, "Gene", 1: 141 or

103x08 .mdh



| 0244221

Tschemper gt gl., 1980, "Gene”, 10: 157). The trpl gene provides
a selection marker for a mputant strain of yeast 1lacking the
ability to grov {n tryptophan, for example ATCC No. 44076 or PEPZ.
1 (Jones, 1977, "Genetics", 85: 12). The presence of the trpl
lesion in the yeast host cell genome then provides an effective
environment for detecting.transformation by growth in the abseﬁce
of tryptophan. Sicilerly, Leu? deficient yeast strains (ATCC
20,622 or 38,626) are complemented by known plasmids bearing the
Leu? gene. ‘ '
10

Examples of suitable selectable markers for mazmalizn
cells &are dihydrofolate  reductase (DHFR), thymidine kinase or
ﬁroteins for neomycin resistance. Such msrkers enable the
identification of cells which were competent to take up the hybrid
15 receptor nucleic acid. The mammalian cell transformants are

placed under selection pressure vhich only the transformants ere

uniquely adspted to survive by virtue of having- taken up the

marker. Selection pressure s imposed by cultuting the

transformants in successive rounds of cell culgure in which the
20 concentration of selection agent in the medium is successively
increased, thereby leading to amplification of both the selection
gene and th; DNA encoding the hybrid receptor. Increased
Quantities of hybrid receptor are synthesized from the amplified
DNA.

25

For example, selection for DHFR transformed cells is
conducted in a culture medium vhich lacis'hypoxanthine. glycine,
and thymidine. An appropriéte host cell in this case is the
Chinese hamster ovary (CHO) cell line deficient in DHFR activity,

30 prepared and propagated as described by Urlaub and Chasin, 1980,

*Proc. Nat'l. Acad. Sci. USA™ 2727: 4216.

A particularly useful DKRFR is a outent DHFR that is

35 highly resistant to rethotrexate (MIX) (EP 117,0604). This

103x08.mdh
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selection agent can be used with any otherwise suitable host,
notvithstanding the presence of endogenous DHFR. One simply
includes sufficient MIX in the ‘medium to inactivate all of the
endogenous DHFR, vhereupon MIX selection becomes solely a function
of amplification of the putant .DHFR DNA. Most eukaryotic cells
vhich are capable of adsorbing,H;rx appear to be methotrexate
‘sensitive. One such useful cell line is a CHO 1line, CHO-K1 (ATCC
No. CCL 61). |

Other methods, vectors and host cells suitable for adap-

tation to the synthesis of the hybrid receptor in recombinant

vertebrate cell culture are described in M.J. Gething et al.,

" *Nature” 293: 620-625 (1981); N. Mantel et al., "Nature" 281: 4O-

46; and A. Levinson et al., EP 117,060A and 117,058A.

Expression vectors, unlike _cloning vectors, should
contain a promoter and/or other segquence which is recognized by
the host orgaenism for strong transcription of the hybrid receptor-

encoding DNA. This is pgenerally a promoter tiomologous to the

~ i{intended host. In the case of vectors for higher eukaryotes,

enhancer sequences are useful for further 1ncfeasing transcription
from promoter;. Unlike promoters, enhancers do not need to be
located 5’ to the hybrid receptor encoding nucleic acid. Commonly
used promoters for prokaryotes include the B-lactamase and lactose
promoter systems (Chang et gl., 1978, "Nature”, 275: 615; and
Goeddel et 8l., 1979, "Nature”, 281: 544), alkaline phosphatase, a
ti'yptophan (trp) promoter system (Goeddel 1986. "Nucleic Acids
Res." 8: 4057 and EPO Appln. Publ. No. 36,776) and hybrid
promoters such as the tac promoter (H. de Boer et al., 1983,
nProc. Nat'l. Acad. Sci. USA" B80: 21-25). However, other knowmn
microbial promoters are suitable. Their nucleotide sequences have
been published, thereby enabling a skilled worker operably to
ligate them to DNA encoding the hybrid receptor in plasmid vectors
(Siebenlist et al., 1980, r"Cell™ 20: 269) using linkers or

103x08 .wch
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adaptors o supply any required restriction sites. Promoters for
use in prokaryotic systems also will contain a Shine-Dalgarno
(S.D.) sequence operably linked to the DNA encoding the hybrid

receptor.

Suiteble promoting sequences in yeast vectors include
the promoters for metallothionein, 3-phosphoglycerate kinase (-
Hitzeman et al., 19§0. *J. Biol. Chem.™, 255: 2073) or other
glycolytic enzymes (Hess et gl., 1968, "J. Adv. Enzyme Reg.", 17:
149: and Holland, 1978, T"Biochexistry™, 17: 4900), such as
enolase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase,

pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate

~isomerase, 3-phosphoglycerate putase, pyruvate kinase, tricse-

phosphate isomerase, phosphoglucose isomerase, e&nd glucokinazse.

Other yeast prowmoters, which have the additiensal
advantage of transcription controlled by growth cbﬁditions. are
the promoter regions for alcohol dehydrogenase 2, isocytochrome C,
acid phosphatase, degradative enzymes associared with nitrogen
petabolism, and the aforementioned wmetallothionein and gly-
ceraldehyde-3-phosphate dehydrogenase, &as well as enzymes
responsible for maltose and galactose utilization. Suitable
vectors and promoters for use .in yeast expression are further

described in R. Hitzeman et gl., EP 73,657A.

Transcription from vectors in wagmalian host cells is
controlled by promoters and/or enhancers obtained from the genomes
of bovine papilloms wvirus, vaccinia virus, polyoma virus,
adenovirus 2, retroviruses, hepatitis-B virus and most preferably
Simian Virus 40 (SV40), operably linked to the hybrid receptor
nucleic acid. The early and late promoters of the SV40 virus are
as conveniently obtained as an SV40 restriction fragment wvhich
also contains the SV40 viral origin of replication (Fiers et gl.,

1978, "Nature", 273: 113). Of course, promoters or enhancers from
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the host cell or related species also are useful herein.

Nucleic acid is operebly linked when it is placed into a
functional relationship with another nucleic acid sequence. For
exazple, DNA for & presequence'or secretory leader is operably
linked to DNA for a polypeptide if it is expressed as a preprote1n
vhich participates in the secretion of the polypeptide; a promoter
or erhancer is operably linked to a coding sequence if ic affects
the transcription of the sequence; or & ribosome binding site is
operably linked to & coding sequence if 1t>is positioned so as to
facilitate translation. Generslly, operably linked means that the
DXNA seéuences being linked are contiguous and, in the case of

secretory leader, contiguous and in reading freme.

Expression vectors used in eukaryotic host cells (yeast,
fungi, insect, plant enimal or human) will also contain sequences
necessary for the termination of transcription and for stabilizing
the =RNA. Such sequences are commonly available from the 3'
untranslated regions of eukaryotic or viral cDNids. These regions
contain regions that are transcribed as polyadenylated segments in

the untranslated portion of the mRNA encoding the hybrid recepCOr
The 3° untranslated regions also include trenscription termination
sites.

Suitable host cells for cloning or expressing the
vectors herein are'prokaryotes, yeast or-highér ¢ukaryotic cells.
Prokaryotes include gram negative or gram positive organisms, for
example E. goli or bacilli. A preferred cloning host is E, coli
294 (ATCC 31,446) although other gram negative or gram positive
prokaryotes such as E. coli B, E. coli X1776 (ATCC 31,537), E.
coli W3110 (ATCC 27.325), pseudomonas specles, or Serratia
Marcesans are suitable. '

In addition to prokaryotes, eukaryotic microbes such as

-
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filamentous fungi or yeast are suitable hosts for the hybric

receptor encoding vectors. Saccharomvces cerevisise, or comzon
baker's yeast, is the most commonly used among lover eukaryctic
host microorganisms. However, a number of other genera, bBpecies

) end strains are comronly evailsble end useful herein.

The preferred host cells for the expression of
functional hybrid,receptors'are cultﬁres of cells derived from
pulticellular organiscs. In many cases, hybrid receptors contain

10 hydrophobic regions that sare incompstible with lower microorgan-
isms, require complex processing to ptoperly form disulfide bonds
and often require subunit processing. In eaddition, it is
desirable to glycosylate the receptors in a fashion sizilar to the
native receptors. All of these functions can be best performed bty
15 higherbeukaryotic cells. In principle, &any higher eukaryotic cell
culture is workable, whether from vertebrate or invertebrate
‘culture, although cells from mammals such as humans ‘are preferred.
Propegation of such cells in culture is per se well known. See
Tissue Culture, Academic Press, Kruse and Ratterson, editors
20 (1973). Examples of useful mammalian host cell lines are VERO and
Hela cells, Chinese Hamsfer ovary cell lines, and VI3B, BHK, c0s-7
and MDCK cell lines. | '

The hybrid receptors of this invention are employed in

25 drug ;creening or biologically active ligand a#say by & process
that fundamentally comprises incubating the receptor with the test‘

sample, controls and (optionally) standardsg followved by measuring

change in the .reporter polypeptide. Since we have discovered

that ligand binding causes a change in the conformation of the
30 reporter polypeptide it is within the scope hereof to detecf such
changes by any one of several methods. Typically, one measures
changes in the protein binding or enzymatic activity of the
reporter polypeptide. In one embodiment an antibody is raised

ageinst the activated conformation &and the binding of this

35
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antibody to the hybrid receptor is messured after the receptor has
been incubated with the ligand or candidate drug. This assay is
conducted in the same fashion as conventional immunoassay wmethods
for any protein antigen. Antibodies are kmown per ge that are
cepable of binding phosphotyrosine containing proteins (Wang,
1985, *"Mol. and Cell. Biol." 5(12): 3640-3643; Ross et &l., 1981,
eNature® 204: 654; end Pang et gl., 1985, "Arch. Biochem.
Biophys.™ 242(1): 176). +Vhile those antibodies are useful in the
method herein, bybrid receptors enable the selection of anti-
phosphotyrosine antibodies that, unlike the prior art antibodies,
are spec1fic for the reporter polypeptide and will not cross- react

with other receptors or phosphorylated proteins, yet wvhich are

‘just as versatile in measuring the effect of a ligsnd on a

receptor binding domain. The disadvantage of this method is that
it requires a phase separation to rewmove the unbound labelled
antibody from the reporter-bound antibody. However, the method

does not require covalent modification of the hybrid receptor.

Analogous to assays using the bindjing of a specific
antibody to the reporter polypeptide are methods that directlj or
indirectly peasure the binding to the reporter of a non-immune
binding proteln with which it normally interacts. Typical binding
proteins are the G proteins t$at associate with certain ligand-
activated receptors. The reporter polypeptide in this case is the
cytoplasmic domain of a receptor such as the beta-adrenergic
receptor. The binding of the G protein is asiayed in the same
fashion as antibody binding, e.g. by displacement of labelled G
protein, or by determination of GTP or ATP binding to the

activated G protein.

If the reporter polypeptide is the enzymatically active
cytoplasmic domain of a heterologous receptor, then the preferred

detection method will be an assay for that activicy. At the

present time such activity includes protein phosphorylkinase

1.03x08 . méh
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activity, primarily tyrosine kinase activity but in some cases
seriné or threonine kinase activity. Kinase activity is
measurable in any way in vhich kinase activity has been assayed
heretofore. One conventional, and presentiy prefefted, method'fbf
S kinase activity is to assay the incorporation of radiophosphorus
into the reporter polypeptide through autophosphorylation with
32p. 1t is preferred to forﬁ_hybrids‘of receptors having the sare

class of activity.

_10 However, it is within the scope herein to measure
changes in the reporter polypeptide by methods other thaﬁ
enzymological activity or polypeptide {interactions. One such
pethod contemplates binding an organic moiety to the recéptor tﬁat
undergoes a changé in character upon ligand binding. For exexple,

15 the reporter polypeptide is labelled with a stable free radical, s
chemiluzinescent group or a fluorescent wolecule such as.
fluorescein 1sothiocyanacé. Each of these labels ‘are well kno#n
in the diagnostic immunochemistry art and conventional methods are
well known for covalently linking them to proteims. These methods

20 are useful for labelling the reporter polypeptide in the same
fashion ﬁs other proteins. vChgﬁges in the conformation of-ﬁhe
receptor pol&peptide upon the binding of 1ligand or active
candidate drug to the ligﬁnd- binding domain are detected by
changes in the 1label. For example, the rotational moment of a

25 stable free radical 1label will be increased or decreased by
ligand-activated changes in feporter polypeptide conformation.
Similarly, the fluorescence or luminescedce of reporter poly-
peptide labels will change upon the binding of ligand or active
candidate to the receptor because of the reorientation of polypep-

30 tide species that engage in intramolecular energy transfers. This

{s detected by changes in the intensity, polarization or wave

length of the 'label molecule; typically, one detects the

enhancement.or quenching of the label fluorescence or chemilurin-

escence. The advantage of the labelled reporter method is that

35
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the ligand or candidate drug assay is conducted exclusively in
aqueous solution and no phase separation 1is required. This
pernits the sutomation of the écreening method using continuous
flow instruments such as Autoanalyzers. Such methods are useful

vith native s well as the hybrid receptors.

In order to simplify the Examples certain frequently

occurring methods will be referenced by shorthand phrases.

"Plaspids” are designated by a low case P preceded
and/o:‘folloved by capital letters and/or numbers. The starting
plastids herein are commercially available, are publicly available
on an unrestricted basis, or can be constructed from such
availsble plasezids in accord with published procedures. In
addition, other equivalent plasmids are known in the art and will

be apparent to the ordinary artisan.

*Digestion” or "cleavage" of DNA refers to catalytic
cleavage of the DNA with an enzyme that acts only at certain
locations in the DNA. Such enzymes are called restriction
enzymes, and the sites for which each is specific is called a
restriction site. The various restriction enzymes used herein are
compercially available and their reaction conditions, cofactors
and other requirements as established by the enzyme suppliers were
used. Restriction enzymes commonly are designated Dby
abbreviations composed of a capital letter ‘followed by other
letters representing the microorganism from which each restriction
enzyme originally was obtained and then a number designating the
perticular enzyme. Appropriate buffers and substrate amounts for
particular restriction enzymes are specified by the manufacturer.
Incubation times of about 1 to several hours at 37°C are
ordinarily used, but may vary in accordance with the suﬁplier's

instructions. After incubation, protein is removed by extraction

with phenol and cﬁloroform. and the digested nucleic acid is
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recovered from the aqueous fraction by precipitation with ethanol.
Digestion with a restriction enzyme infrequently is followed with
becterisl alksline phosphatase hydrolysis of the terminal 5°
phosphates to prevent the .two restriction cleaved ends of & DXNA
fragment from "circularizing” or forming a closed loop that would
{mpede insertion of another DNA fragment at the restriction site.
Unless othervise stated, digestion of plasmids is not followed by
5+ terminal dephosphorylation. Procedures &and resagents for
dephosphorylation are conventional (T. Maniatis et s8l., 1922,
Molecular Cloning pp. 133-134). '

"Filling" or "blunting" refers to the procedure by which
the siﬁgle stranded end in the cohesive terminus of a restriction
enzyme-cleaved nucleic acid is converted to a double strand. This
eliminates the cohesive terminus and forms a blunt end. This
process is a versatile tool for converting a restriction cut end
that may be cohesive with the ends created by only one or a few
other restriction enzymes into a terminus compatible with any
blunt-cutting restriction endonuclease or other filled cohesive
terminus. Typically, blunting is accomplished by incubating 2-
15pg of the target DNA in 10mM Mg Clgz, 1mM dithiothreitol, 50mM
NaCl, 10mM Tris (pH 7.5) buffer at sbout 37°C in the presence of 8
units of the Klenow fragment of'DNA polymerase 1 and 250pM of each
of the four deoxynucleoside triphosphates. The dincubation
generally is terminated after 30 min. by phenol and chleroform

extraction and ethanol precipitation.

"Recovery" or "isolation" of a given fragment of DNA
from a restriction digest means separation of the digest on poly-
acrylamide or agarose gel by electrophoresis, identification of
the fragment of interest by comparison of its mobility versus that
of merker DNA fragments of known molecular weight, removal of the
gel section containing the desired frégment, and separstion of the

DNA from the gel. This procedure is known generally. For
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example, see R. Lawn et gal., 1981, "Nucleic Acids Res.” 9:6103-
6114, and D. Goeddel et al., 1980, "Nucleic Acids Res.: B:4057.

*Transformation” means introducing DNA into an organism
so that the DNA is replicable, either as an extrachromosomal
element or chromosomal integrant. Unless otherwise provided, the
method used herein for transformation of E. goll is the CaCl;
pethod of Mandel et gl., 1970, "J. Mol. Biol." 53: 154.

"Ligation” refers to the process of forming
phosphodiester bonds betveen two double stranded nucleic acid
fragoments (T. Manlatis et al., Id4., p. 146). Unless otherwise
provided, ligation may be accomplished using knowvn buffers and
conditions with 10 units of T4 DNA ligase ("ligase”) per 1 pg of
the DNA fragments to be ligated.

*Preparation” of DNA from transformants means isolating
plasmid DNA from microbial culture. Unless otherwise provided,
the alkaline/SDS method of Maniatis et gl.. 1d., P. 90, may be

used.

'Oligonucleotides" are short length single or double
stranded polydeoxynucleotides which are chemically synthesized by
known methods and then purified on polyacrylamidi gels.

The following examples are intended to merely illustrate
the best mode mnow known for practicing the invention, but the

invention is not to be considered limited thereto.

All literature citations herein are expressly

incorporated by reference.
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Example )

Construction of the Insulin Receptor (JR)

xpression Plasmid

A pel purified égll fragzent (5.2 kb) from AHIR-P12
containing the entire HIR coding sequence vas subcloned into the
pUC12 (New England Biolabs) polylinker region by digesting pUC12
with Sall and ligating the purified Sall fragment to the veétﬁr,
Colonies wvere grown up and screened for clones having the desired
orientation with the 5' end of the HIR coding sequence next to the
pUC12 Xbal site. This vector was cut with Xbal and Dral (Dral is
located in the 3’ untranslated regibn of HIR) and the HIR-
containing fragment was isolated. This fragment was inserted into
s pammalian expression vector (pCVSVEHBVE4OO, European Publn.. No.
117,060), which had been digested first vithnﬁgmHI. The BarHl
cohesive terminii were filled and the plasmid thenh was digested
with Xbal. Thus, insertion of the Xbal-Dral was only possibie in
the orientation necessary for expression of the HIR mRNA. The

resulting insulin receptor expression plasmid was designated
pCVSV-HIRe. '

Ziaﬁgle 2.
Construction of a Vector for Expression
of an Insulin-EGF Receptor Hybrid

The following fragments were lighted in a four-factor
ligation: ka) A 931 bp BamHl-Aatll restriction fragment from the
IR expression plasmid pCVSVE-HIRc, (b) a 1150 bp Apal-Sstl
restriction fragment of the human EGF receptor sequence contained
in the recombinant phage AHER-A64 (Ull;icb et 8l., 1984, "Nature”

309: 418-425), (c) a synthetic oligonucleotide linker containing

5 .CCCGTCAAATATCGCCACTGGGATGGTGGGGGCC-3" and 5’ -CCCACCATCCCAGTGGC
CATATTTGACGGGACGT-3', and (d) pUCl2 opened with Sstl and BamHl.

103x08.mdh
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In this way sequences coding for the extracellular domain of the
{nsulin Teceptor were Jjoined to sequences coding for the
transpembrane and cytoplasmic domains of the EGF receptor and
placed into an expression plasmid. Plasmid pUC12/HIR-HER Int.

vhich contained DNA encoding the hybrid vas recovered from an

‘azpicillin resistant colony of transformant E coli 294. This

plaspid was digested with BanHl and Apal and a 965bp fragment
cdntaining the IER junction was recovered (fragment 1). pCVSV-
HIRc was digested with Pvul and BamdI and a 3117 bp fragment
containing the rest of the IR coding sequence and parts of the

mammalisan expreﬁsion vector was recovered (freagment 2). JHER-A64

~1s digested with Apal-BglIl and an 810 bp fragment recovered

(fragment 3) and with Bglll-Xmnl and a 1 kb fragment recovered
(fragment 14) Fragments 3 and 4 code for the transmembrane and
cytoplasmic domains of the human EGF receptor. pCVSVEHBVE&OO is
digested with BamHI, the restriction site was endfilled and the
DNA subsequently digested with Pvul. A 4 kb BanHI-Pwvul fragment
was recovered (fragment '5) coding for parts of the mammalian
expression vector as described. A wmixture of fr.agments 1, 2, 3, 4
and 5 was 1ligated and used to transform E. gcoli 294 DNA.
Ampicillin resistant colonies vere screened by restriction
analysis. A ébl bp Pstl fragment overlapping the HIR-HER junction
was cloned into M13Tyl31 and sequenced to verify the expected

junction.

~An  expression vector for a hybr!d receptor not
containing a transmembrane region is constructed in the same
fashion as described above using pCVSV-HIRc except that the
tx;ansmembrane region downstream from the Apal EGF receptor is
deleted by M13 mutagenesis and an in-frame Apal adaptor ligated to
the deleted ER fragment.

A vector encoding the hybrid receptor IaER, a hybrid of

the insulin receptor e chain with the EGF receptor transmembrane
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and cytoplasmic domains without any HIR B-chain sequence, was -zade
by oligonucleotide-directed deletion mutagenesis of the IER
plasmid. A 2.1 kb Bglll restriction fragment coding for joirec
insulin and EGF receptor sequences Wwas introduced into the BamHl
site of an M13mpl0 vector. Molecules with the desired orientatioﬁ
of the IR sequénces nexi to the Hindlll site of M13mplO were
{dentified and a single-stranded template was prepared for
deletion putagenesis with ~ the oligonucleotide 5°-
CCCCAGGCCATCTATCGCCACTGGGA-3' based on the protocols of Adelcan et
al. "DNA"™ 2: 183-193 (1983). 50 ng of phosphorylated primer wes
hybridized to 2 pug of single-stranded M13 texplate. “The
putagenized second strand was completed and double-stranded
polecules were introduced into E. gcoli JM1Ol. Resulting pleques
wvere screened as described by Bénton and Davis "Science™ ]196: 180-

182 (1977) at high stringency using the primer as a hybridization

‘probe. Double-stranded DNA was prepared and & 1.2 kb BstEIl

_restriction fragment containing the mutated region was used to

replace the respective DNA fragment in the 1ER expression plasmid,
yielding plakER.

Example 3
Expression of the Hybrid Insulin and EGF Receptors

. Cos-7 ponkey kidney cells (Gluzman, 1981, "Gell" 23:
175-182) were cultured in DMEM mixed with F12 medium (50:50),
containing 10 percent fetal bovine serum and antibiotics. All
cell culture media (Gibco) contained 2mM ’L-glu{amine and 20mM
HEPES pH 7.4,

PIER or plaER from Example 2 was introduced into COS-7
cells by calcium phosphate -coprecipitation based on the protocol
of Graham and Van der Eb, 1973, *Virology™ 52: 456-467.
Subconfluené cells wvere transfected with 10 pg of plasmid DNA per
8 cm culture dish. Plasmid DRA vas dissolved in 0.55 ml of 1lmM

103x08.mdh
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Tris pH 7.5, 0.1mM EDTA, 250mM CaCly, after which 0.5 ml of 50mM
HEPES pH 7.12, 280mM NaCl and 1.SzM NagHPO, ves slovly added. A
precipitate gradually formed within 45 min. which was added to the
cell culture medium. The transfected COS- 7 cells wvere cultured
for $3 hrs. at 37°C in DMEM mixed with F-12 medium (50:50)
containing antibiotics, 2mM L-glutenine, 20 uM HEPES and 10% by

volume fetal bovine serum (pH 7.4).

' C0S-7 cells transformed with plER or plaER were washed
twvo times wvith PBS and incubated in 1 ml of ‘serum-free cell
culture medium per 2.2 cm well containing 0.2% bovine serum
albumin (Sigma), bacitracin (0.5 mg/wl, Sigma) and 1251 fnsulin
(0.5 pCi/well) at 93 wpCi/pg for 2 h at 21°C. Cells vere washed 3
tizes with PBS at 4°C and lysed in 0.5 mi 0.1 percent SDS, 0.1 M
NaOH for 30 min. at 37°C.  The radioactivity was determined in a
gazza counter. Fig. 2a demonstrates that insulin binding to the

transforzants increased over that of controls. . i

Human epidermoid carcinoma cells A431 (a source of EGF
receptor controls) were cultured in DMEM containing 4.5 mg glucose

per liter, 10 pexcent fetal bovine serum and antibiotics.

Example. 4
Hormone Stimulaged Autophosphorylation of
Normal and Hybrid Receptors
PIER or pleER transformed and mock transformed COs-?

cell monolayers grown in 8 cm culture dishes for 53 hours, or A43l
cells, vere washed twice with PBS and solubilized as described by
Kris et al., 1985, "Cell" 40: 619-625. One ml of 50mM HEPES
buffer pH 7.5 containing 150mM NaCl, 1.5=M MgClsp, 1mM EGTA, 10
percent glycerol, 1 percent Triton X-100, 1 percent Aprotinin
(S1gma) end G4pg/ml phenylmethylsulfonyl fluoride (PMSF) (Sigma)

end 0.5 mg/ml bacitracin (Sigma) was added to the monolayers &t

LUK GO . wives
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4*c for 5 min. The buffer which contained the solubilized
cellular proteins vas removed from the culture dish and centri-
fuged at 10,000g for 5 min .at 4°C. Culture supernatants from
transmecbrane-deleted hybrid receptor transformed cells are
centrifuged at 10,000 g for 5 min. at 4°C. 0.2 ml of the cell
lysis or culture supernatent wvas incubated with 200nM insulin

(Sigma) or 1 pM EGF for 1 hour.

A mouse monoclonal antibody capzble of binding the
{nsulin receptor (CI125.3, described by Ganguly et al., 1685,
'Cu;rent Topics in Cellular Regulation” 27: 83-94) was
insolubilized by adsorption to protein A-Sepharose. However, it
will be appreciated that any polyclonal or monoclonal enti-insulin
receptor antibody can be used. 1ul of entibody was mixed with 50
pl of # swollen and prevashed 1:1 protein A-Sepharose slurry in
detergent-free lysis buffer for 30 min in order to adsorb the

anti-IR antibody.

SO pl of insolubilized anti-IR antibody slurry was added

" to the EGF or insulin treated cell lysate or cell culture

sﬁpernatant and incubated for 15 min. at &4°C. The résulting

impunoprecipitate was washed 4 times with 0.9 ml HNTG buffer (20mM

_KHEPES pH 7.5, 150mM NaCl, 10 percent glycercl, and 0.1 percent

Triton X-100)~ The precipitate in a volume of 30 pl was adjusted
to 5mM MnCly, and 15u4Ci of 1-32P-ATP (5,000 Ci/mmol) was added for
0.5-10 min. at 4°C. The final ATP concentration was 0.1 pM ATP
(for EGF, IER or laER transformants and {he{r controls) or 100 pM
ATP (for HIR transformant§ and their —controls). The
sutophosphorylation reaction was stopped by adding 20 pl of 3
times concentrated SDS sample buffer. The autophosphorylation
reaction wes terminated after 5 min. in Fig. 3z and 3d, 1 min. in
Fig. 3b and after the times indicated in Fig. 3c by boiling for 5
pin. The samples were centrifuged were and 20 pl eliguets

enalyzed on 5 percent/7 percent SDS polyacrylamide gels (Lzemzli,
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The patterns obtained on SDS-PAGE reducing gels matched
the 3°S-Met labeling result for those polypeptides that contain
tyrosine kinase sequences. Figuré 3b (HIR+) shows the insulin-
stimulated autophosphorylatioh sf the human insulin receptor §
subunit above the endogenous COS-7 control. -In this case the
{nsulin induction effect is strong, although the visualized signal
is wveak due to the ATP concentration (100 uM) required by the
insulin receptor kinase. In contrest, only picomolar concentra-
tions are needed to measure EGF receptor kinase activity and EGF
stirulation, as shown in the A431 ‘cell EGF receptor control
(A431). The characteristics of the chimeric receptor zolecule ItR
reflects the presence of the EGF receptor kinase becsuse of the
low ATP concentrations required. Since ligand induction increases
the Voax of the kinase, maximal induction (4 fold) is obﬁerved in
a 30 second reaction at 4°C (Figure 3c). This finding is in good
correlation with -the kinetic properties of the wild type EGF
receptor (Staros et al., 1985, in Molecular Aspects of Cellular
Regulation Vol &4: Hé]ecularAHechanisms of Transmembrane Signaling)

and indicates that the EGF receptor kinase retains {ts origihal

characteristiés when controlled by the insulin binding domain.

Surprisingly, the insulin-stimulated and unstimulated 130
kd phosphoprotein subunits of the IE receptor hybrid display s

_subtle but reproducible size differencev (Figure 3d). This

observation raises the possibility that ligand-‘nduced enzymatic
activity leads to phosphorylatioﬁ of tyrosine residues not
podified at basal levels; a subsequent conformational change of
the cytoplasmic receptor domain could alter migration charac-
teristics in SDS gels. A similar change may occur in the intact
EGF receptor but has not been detected due to the larger size of
the monomeric 170 kd glycoprotein. Electrophoretic migration

changes have been reported for other sutophosphorylated proteins
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such 8s Ca2+/Calmodu11n-dependent protein kinase (Kuret et al.,
1985, "J. Biol. Chem.” 260:6427-6433), type 11 cAMP-dependent
protein kinase (Hemmings et gl., 1981, "Eur. J. Biochem.® ]1)9:443-
451).

Since uncleaved chimeric proreceptor 1ER displays insulin-
stirulated autophosphorylatioh (Fig. 3b and 3c, IER + pgel, top
band), the tertiary structure necessary for insulin bindiﬁg and
signal transduction must be formed prior to insulin receptor‘
proteolytic  processing, consistent with previous  reports
(Blackshear et gl., 1983, "FEBS" 158:243-246; Rees-Jones et al.,
1983, "Biochem. Biophys. Res. Comm. 116:417-422). Our experiments
vith the chimeric construct JeER, in which the extracellulaf

portion of the insulin receptor B subunit and the proreceptor

. cleevage site are deleted, (Fig. 3b, IcER compare + and -)

indicate that despite the apparent ability of the resulting 180 kd
single-chain glycoprotein to bind insulin, insulin. activation of
the cytoplaszmic kinase domain is lost.

.

As shown above, insulin regulates the rate of the EGF
Teceptor sutophosphorylation ~ activity at subpicoﬁoiar
concentrations of AIP; conditions under which the phospho-
transferase of the insulin receptor is inactive. Hormone control
vas only observed for the ﬁybrid IER containing the complete
extracellular portion of the insulin receptor, including the
signal for receptor processing into the a apd B subunits &nd the
amino terminus of the B subunit. The receptor appéars to be
processed in ouf expression system. In the case of the cﬁibera
laER lacking any portions of the B subunit and consequently the
cleavage signal, no hormone effect was observed. Ve conclude that
this structural difference betveen IER and IaER has a profound
effect on the structure of the chimeric receptor that is crucial

for signal transduction.

1.02x08 .rdh



15

20

25

30

35

0244221

Example S
Construction of a Vector Encoding a
Receptor-Oncogene Hybrid (HER-erbB)

We constructed a hybrid receptor comprised of the
intracellular domain of the v-erbB oncogene product fused to the
extracellular and transmembrane domains of the EGF receptor (HER-

erbB; Fig. 4).

The hybrid receptor is expressed from a plasmid under the
control of the early promoter of SV40. This plasmid also contains
a mutant DHFR gene for methotrexate (MTX) resistance. Selection
is accomplished by cotransformation with a plasmid encoding a
neomycin resistance gene and the DNA amplified by selection in

MiX-containing culture media.

AHER-A64 (Ullrich et gl.) was digested with Sacl and Narl
eand a restriction fragment coding for the complete extracellular
and transmembrane domain of the EGF receptor was recovered. A 1.7
kb AhalI-Stul restriction fragment coding _for the compleie
intracellular portion of AEV-erbB (H) (Yamamoto, T. et al., 1983
"Cell" }2:71-i8) was ligated together with the ECF fragment into a
pUC12 plasmid opened with Sacl and Smal. The recombinant plasmid
vas amplified in E. ¢oli HB101 and the coding region for the
complete chimeric receptor is removed in a 3.7 kb Sacl-Xmnl
restriction fragment, both sites being located in the untranslated

regions of the EGF receptor and v-erbB sequence.'respectively.

p342E (Crowley et al., 1983, "Mol. Cell. Biol." 3:44-55)
was digested with EcoRl and the opened- plasmid recovered. An
adaptor having the sequence

EcoRI Sacl EcoR1l
GAATTCGAGCTC

CTCGAGCTTAAG

LO3x08.mdh
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js ligated with the opened plasmid, the ligation mixture
transfected into E, goli 294, and plasmid pCVSVE-HBS having the

adaptor insert is recovered from an acpicillin resistant colony.

pCVSVE.-HBS 4s partially digested with Sacl &nd the
linearized vector fragment (1) recovered. The linearized plasreid

i{s digested with Hpal and the vector fragment recovered.

The pCVSVE-HBS vector fragment is ligated to the SacI-
Xrnl fragment encoding the hybrid receptor and expression vector

pCVSV-HER~erbB vas recovered from a transformed E. ¢oli HKHB1lOl
colony. ' '

Example 6
Expregsion of Receptor-Oncogene Hvbrid

Expression vector pCVSVE-HER-erbB is cotransfected into
normal Rat 1 fibroblasts together with a neomycih resistable
expression plasmid by calcium phosphate coprecipitation based on
the protocol of Graham and van der Eb (1973). Subconfluent cells
vere transfected with 10 pg of plasmid DNA per 8 cm culture dish.
DNA was dissolved in 0.55 ml of‘lmﬂ Tris pH 7.5, 0.1mM EDTA, 250mM
Cacly and 0.5 ml of SOm¥ HEPES pH 7.12, 280md NaCl, 1.5z NagHPO,
wvas slovl& sdded. A precipitate gradually formed within 40 min.
vhich was added to the 10 ml of cell cultuge medium.” Sh after
transfection, cells were subjected to a glycerol shock treatment
by incubaﬁion in 3 ml of 20 percent glycerol in PBS for 1 min.
The glycerol was washed off and the cells were further cultured in

the original wedium.

The neomycin resistance gene under the control of the SV&O0
early promoter was used as & selectable marker. Medium

supplemented with 400 pg/wl Geneticin (Sigma G5013) was used for

1.02x0R mdh
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selection starting twvo days after transfection. Neomycin-
resistant cells were then grown in medium supplemented with é 200
nM, then 1000 nM concentration of methotrexate (Sigma A6770)
containing 7 percent dialyzed fetal bovine serum. The result wvas

5 a step-wise amplification of cDNA expression in neowycin resistant
cell lines.

Expression of the hybrid in the transformants vas fifst
ronitored by analyzing proteins retabolically labeled with 33s.

10 cethionine after icmunoprecipitation of detergent lysates with a
human EGF receptor-specific mouse monoclonal antibody Rl. Stably
expressing cell 1lines were metabolically labelled with 35g.
methionine. Specific proteins vere immunoprecipitated by protein
A-Sepharose adsorbed Rl antibody from detergent lysates prepared

15 as described above and analyzed on SDS reducing polyacrylamide
gels. The mouse monoclonal R1 antibody (Vatezfield et al., 1982,
"J.Cell.Biochem.” 20:149-161) does not recognize the endogenous
Ratl cell EGF receptor. The HER-grbR protein was readily detected
in immunoprecipitates before and after methotrexate amplification.

20 As expected, the HER-erbB protein was smaller than the wild type_‘
EGF receptor expressed in A431 cells. VWhen compared with the very
high level of 'EGF receptor expressed in A431 cells, amplified Ratl
cells expressed only 3-fold less HER-erbB.

25 The hybrid HER-erbB protein di#played specific EGF binding
since 1251 .EGF at various concentrations was bouhd to transformant
cells. The binding was saturable and could be coﬁpletely
displaced in the presence of a 100-fold excess of unlabelled EGF.
The amount of binding of 1251.1sbeled EGF to confluent Ratl

30 cultures corresponded precisely to the amount of EGF receptbr or
chimeric receptor expressed by the respective cell cultures. Thus
the constructed proteins contained fully functional EGF binding

dopains and were faithfully transported to the cell surface.

35
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"Example 7

PGF-stimulated in vitro sutophosphorvlation

To test whether HER-erbE possessed in vjtro autophosphory-

5 lation activity, cell lysates were immunoprecipitated as described
above, incubated vith 32?-1-ATP and analyzed by polyacrylamide gel
electrophoresis and autorediography: Transformant cell'monolayers
grovn in B cm culture dishes were washed twice with PBS and
solubilized as described by Kris et sl. *"Cell" 40:619-625 (1985).

10 ' One ml of 50 mM HEPES pH 7.5, 150zM NaCl, 1.5zM HgClp, lmM EGTA,
10 percent glycerol, 1 percent Triton X-100, 1 percent Aprotinin
and 4pg/ml phenylmethylsulfdnyl fluoride (PMSF) was added to the
monolayers at 4°C for 5 min. Solubilized cells were centrifuged
at 10,000g for 5 min at 4°C, &nd the supernmatant vas either stored

15 at -70°C or processed further.

EGF stimulation of autophosphorylation was {nduced by

incubating the detergent cell lysates diluted to a 0.5 percent TX-

100 concentration in 0.4 ml prior to the iﬁmunoprecipitation; with

20 5 pg/wl EGF for 15 min at 4°C. Rl antibody>prebound for 30 min to
protein A-Sepharose was added (1 pl sntibody/50 pl slurry 1:1),

and the iﬁdhbation continued for 15 wmin at 4°C. The
immunoprecipitates were washed 5 times in 0.9 ml HNTG buffer (20mM

HEP£§ pH 7.5, 150z NaCl, 10 percent glyéerol. and 0.1 perce;t

25 Triton X-100). The washed 1mmunop;ec1§1tates, in & volume of 30
pl, vere adjusted to 5mM MnCl, and 15u4Ci off -1-32P-A'IP wvas added

for 0.5 min at 4°C. The autophosphorylation reaction was stoppec

by adding 20 pl of 3 times concentrated SDS sample buffer.

Samples were boiled for 5 min, centrifuged, and 20 pl aliquots

30 analyzed on 5 percent/7 percent SDS polyacrylamide reducing gels
(Lsemmli, 1970). Gels were fixed and dried under vacuum at 70°C.

Normal Ratl fibroblasts were used as a control. Size markers are

indicated in kilodzltons. Like the wild type EGF receptor, the

HER-erb® hybrid incorporeted significant erounts of 32p in

35 _—
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jmounoprecipitates. The extent of phosphorylation was {ncreased
by the addicion of EGCF (designated by +); wvhen measured at 30
seconds, the rate of phosphorylation was found to be 3 fold higher
in the presence of EGF. The v-grbB protein itself possesses only
very low autophosphorylation activity (Lax et al., 1985, "EMBO
Journal” .5:3179-3182). Despite the low autopbosphorylAtlon

_activity claimed in the hybrid, reconstitution of the EGF binding

dorain led to ligand-inducible autophosphorylation activicy.

1:03x08 . mch
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CLAIMS

1. A hybrid receptor comprising (a) the 1ligand binding
Gomain of a predetermined receptor and (b) a heterologous
reporter polypeptide.

2. The hybrid receptor .of claim 1 wherein the 1ligand
binding domain is comprised by the extracellular domain of

the predetermined receptor.

3. The hybrid receptor of claim 1 wherein the reporter
polypeptide is a cytoplasmic domain of a receptor cr
oncogene.

4. The hybrid receptor of claim 1 wherein the reporter

polypeptide is an enzyme.

5. The hybrid receptor of claim 4 wherein the enzyme is

not sterically inhibited by the binding of a ligand to the
hybrid receptor.

6. The'hybrid receptor of claim 4 wherein the enzyme is a
phosphorylkinase. '
7. The hybrid receptor of claim 1 haviqg a transmembrane

domain interposed between the ligand binding domain and the
heterologous reporter polypeptide.

8. Nucleic acid encoding a hybrid receptor comprising (a)
the ligand binding domain of a predetermined receptor and

(b) a heterologous reporter polypeptide.

9. The nucleic acid of claim 8 further comprising a

replicable vector.
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10. The vector of claim 9 further comprising a host cell.

11. A method for making a hybrid receptor which receptor
comprises (1) the ligand binding domain of a predetermined
receptorAand (2) a heterologous reporter polypeptide, said
method comprising:

(a) transfornlng a host cell with a vector containing
nucleic acid encoding the hybrid receptor operably linked to
a promoter ‘for controlling the transcription of the hybrid
receptor; and

| (b) culturing the host cell under conditions for
expressing the hybrid receptor.

12. The method of claim 11 wherein the hybrid receptor is
recovered from thé culture medium of the host cell.

. [ .
13. The method of claim 11 wherein the hybrid receptor is
recovered from the cell membrane of the host cell.

14. A method for assaying a biologically active ligand or
an antagonist or agonist for said ligand, comprising:

(a) providing a hybrid receptor which comprises (1) a

binding domain for the ligand, antagonist or agonist and (2)
a heterologous reporter polypeptide; !

(b) incubating the receptor with a test sample
suspected to contain the ligand, antagonist or agonlst:

(c) detecting a change in the reporter polypeptide;
and ,

(d) correlating said change with the presénce of the
ligand, antagonist or agonist in the test sample.

15. The method of claim 14 wherein the ligand is a polypep-
tide and the 1ligand binding domain is not the antigen

P A B T L L L TR R ke A R T R SCa R R B B
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16. The method of claim 14 wherein the change in the
reporter polypeptide is a modification of the enzymatic

sctivity of the polypeptide.

17. The method of claim 16 wherein the change in the
reporter polypeptide is autophosphorYlation of the reporter

polypeptide.

18. The method of claim 14 wherein the test sample is
suspected to contain an antagonist and the receptor is
incubated with the test sample and a predetermined activity
of ligand or ligand agonist.

19. The method of claim 14 wherein the <¢hange in the
reéorter polypeptide is a change in an immune epitope.

'
20. The method of claim 19 wherein the change in immune
epitope is detected by incubating the receptor with an anti-
body capable of binding to the reporter polypeptide and
determining the amount of bound or residual anound poly-

peptide.

21. The method of claim 14 wherein theg reporter polypep-
tide further comprises a stable free radical, fluorescent or
chemiluminescent group and the change in the reporter poly-
peptide is detected by measuring a change in the rotational
moment of the stable free radical or a change in the
intensity, wavelength‘or polarization of the fluorescent or

chemiluminescent group.

22. The method of claim 14 wherein the repcrter polypeptide

is capable of binding to a G protein.
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CLAIMS

1. A process which comprises the preparation of a hybrid

receptor comprising (a) the 1ligand binding domain of a

5 predetermined receptor ard (b) a heterologous reporter
polypeptide.

2. The process of claim 1 wherein the ligand binding
domain is comprised by the extracellular domain of the
10 predetermined receptor.

3. The process of claim 1 wherein the reporter polypep-

tide is a cytoplasmic domain of a receptor or oncogene.

15 4. The process of claim 1 wherein the reporter polypep-
tide is an enzyme. . o .
5.. The process of claim 4 wherein the enzyme is not

sterically inhibited by the binding of a ligand to the
20 hybrid receptor.

- 6. The process of claim 4 wherein the enzyme 'is a phos-
phorylkinase.
25 7. The process of claim 1 wherein the hybtid receptor has

a transmembrane domain interposed between the ligand binding

domain and the heterologous reporter polypeptide.

8. A process which comprises the preparation of nucleic
30 acid encoding a hybrid receptor comprising (a) the ligand
binding domain of a predetermined receptor and (b) a hetero-

logous reporter polypeptide.

9. The process of claim 8 wherein the nucleic acid further

15
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comprises a replicable vector.

10. The process of claim 9 which further comprises trans-

forming a host cell with the vector.

11. A method for making a hybrid receptor which receptor
comprises (1) the ligand binding domain of a predetermined.
receptor and (2) a heterologous reporter polypeptide, said
method comprising:

(a) transforming a host cell with a vector containing
rnucleic acid encoding the hybrid receptor operably linked to
a promoter for controlling the transcription of the hybtrid
receptor; and '

(b) culturing the hocst cell under conditions for
expressing the hybrid receptor.

12. The method of claim 11 wherein the hybrid receptor is
recovered from the culture medium of the host cell.

13. The method of claim 11 wherein the hybrid receptor is

recovered from the cell membrane of the host cell.

14. A method for assaying a biologically active 1ligand or
an antagonist or agonist for said ligand, comprising:

(a) providing a hybrid receptor which comprises (1) a
binding domain for the ligand, antagonist or agonist and (2)
a heterologous reporter polypeptide;

'(b) incubating the receptor with a test sample
suspected to contain the ligand, antagonist or agonist;

(c) _‘detecting a change in the reporter polypeptide;
and

() correlating said change with the presence of the

ligand, antagonist or agonist in the test sample.

15. The method of claim 14 wherein the ligand is a polypep-
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tide and the 1ligand binding domain is not the antigen

binding site of an immunoglobulin.

16. The method of claim 14 wherein the change in the
reporter polypeptide is a modification of the enzymatic
ectivity of the polypeptide.

17. The method of claim 16 wherein the change in the
reporter polypeptide is autophosphorylation of the reporter
polypeptide. '

18. The method of claim 14 wherein the test sample is
suspected to contain &n antagonist and the receptor is
incubated with the test sample and a predetermined activity
of ligand or ligand agonist. '

19. The method of claim 14 wherein the change in the

reporter polypeptide is a change in an immune epitope.

20. The method of claim 19 wherein the change in immune
epitope is detected by incubatiﬁg the:receptor with an anti-
body capable of binding to the reporter polypeptide and
determining the amount of bound or residual unbound poly-
peptide.
!

21. The method of claim 14 wherein the reporter polypep-
tide further comprises a stable free radical, fluorescent or
chemiluminescent group and the change in the reporter poly-
peptide is detected by measuring a change in the rotational
moment of the stable free radical or a change in the
intensity, wavelength or polarization of the fluorescent or

chemiluminescent group.

22. The method of claim 14 wherein the reporter polypeptide

is capable of binding to a G protein.
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